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CYTOTOXIC AGENTS 
The present invention relates to cytotoxic agents that have use against cells 
that lack p53 functionality (p53(-)), either wholly or partly, particularly being 
effective against p53(-) tumour cells and cells that have been infected by viruses that* 
downregulate or eliminate the activity of p53 protein. The actions of these agents 
against cells infected with viruses make them effective anti-viral agents, particularly 
against viruses such Human Papilloma Virus (HPV). 

A major goal of molecular oncology is to identify means to kill cells lacking 
p53 function. The p53 tumour suppresser gene encodes a nuclear phosphoprotein 
which is a multi-functional transcription factor involved in the control of cell cycle 
progression, DNA integrity and cell survival in cells exposed to DNA-damaging 
agents with resultant cancer-inhibiting properties. The development of human cancer 
often involves inactivation of p53 suppresser function through mechanisms including 
gene deletions and point mutations, which in turn lead to introduction of oncogenic 
mutations in other DNA, (See for example Greenblatt et al, 1994. Cancer Res. , 54: 
4855-78; Harris-CC, 1996. Carcinogenesis, 17: 1187-98; Ko-L and Prives-C, 1996. 
Genes Dev ., 10: 1054-72; Levine-AJ, 1997. Cell, 88: 323-331). 

The WHO body, the International Agency for Cancer (lARC/CIRC) 150 
Cours Albert Thomas, F-69372 Lyon cedex 08, France, provides and maintains a 
database of over 8000 somatic p53 mutations in human tumours and cell lines. lARC 
reports that point mutations are scattered over more than 250 codons and are common 
in many forms of human cancer. As many as 90% of mutations reported in the lACR 
database are found in the core domain. Mutations at five "hotspot" codons (175, 245, 
248, 249 and 273) represent about 20% of all mutations found so far. 

An important activity of p53 is its ability to bind DNA. The p53 DNA-binding 
domain is made of two anti-parallel 6-sheets forming a "scaffold" supporting a DNA- 
binding surface of non-contiguous loops and hehxes. Mutations can be grouped in 
three broad classes according to their impact on the structure of the DNA-binding 
domain. Class I mutations affect residues of the DNA-bindmg surface, such as Arg 
248 and Arg 273, and disrupt protein-DNA contact points. Class II affect residues 
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crucial for the correct orientation of the DNA-binding surface, such as Argl75 and 
Arg249, which are involved in the connections between the scaffold and the binding 
surface. These mutations may disrupt the regulation of p53 protein flexibility. Class 
m mutations fall within the "scaffold" and disrupt the tertiary structure of the whole 

5 DNA-buiding domain. 

It would appear that mutants corresponding to these categories have distinct 
functional properties as well as cell type-specific properties (Greeriblatt-MS, 
Grolhnan-AP and Harris-CC, 1996. Cancer Res. , 56:2130-36; Harris-CC, 1996. J 
Natl. Cancer Inst., 88: 1442-55; Ory et al., 1994, EMBO 13: 3496-3504 and Forrester 

10 et al., 1995, Oncogene, 10: 2103-2111). Differences in pattems of p53 mutations in 
several types of cancer reflect the effect of specific carcinogens (Greenblatt et al., 
1994. Cancer Res . 54: 4855-78; Harris-CC, 1996. Carcinogenesis . 17: 1187-98). 
Well-characterized examples of such "mutagen fingerprints" include G:C to T:A 
transversions in lung cancers in association with cigarette smoke, G:C to T:A 

15 transversions at codon 249 on the third nucleotide in Uver cancers in association with 
dietary exposure to aflatoxin Bl (AFBl) and CC:GG to TT:AA tandem dipyrimidine 
transitions in skin cancers in association with UVB exposure. The presence of p53 
antibodies in the serum of some cancer patients may provide an interesting tool for 
diagnosis and follow-up of cancer (Soussi, 1996. Immunol. Todav , 17: 354-356). 

20 Publications relating to DNA damage and the importance of p53 in cell fate 

decision include Bunz et al., 1998 Science (282): 1497-1501; Waldman et al., 1997 
Nature Medicine (3)9: 1034-1036; -Suganuma et al., 1999 Cancer Research (59): 
5887-5891 and Muschel et aL, 1998 Oncogene (17): 3359-3363 (Review) 

In making the present invention the present inventors have detemiined that 

25 adeno-associated virus (AAV) selectively kills cells that lack wild type, ie. intact, p53 
activity. In her . thesis of November 1999, the inventors coworker, P M Ogston, 
described experiments showing that U-2 OS osteoblasts with intact p53 and pRb 
activity (p53+), but pl6-, undergo arrest in the G2 phase of the cell cycle when 
infected with AAV, while Saos-2 osteoblasts lacking fully active p53 (p53-) and pRb 

30 (pRb-) arrest but then are killed. In U-2 OS, the arrest in G2 is characterised by an 
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increase of p53 activity coupled with the targeted destruction of CDC25C - features 
that are identical to those induced by etoposide, a DNA-damaging agent. 

Most suiprisingly, she reported that AAV inactivated by ultraviolet irradiation, 
such that it can no longer produce proteins and replicate its DNA, exhibits enhanced 

5 ability to arrest both cells and enhanced ability to kill the Saos-2 cells, while vkal- 
encoded proteins or viral particles without DNA, or adenovirus containing double- 
stranded DNA, was ineffective. It was concluded that something about Saos-2 
rendered them vilunerable to AAV induced apoptosis and that this was likely caused 
by Rep protein associated with the viral DNA. 

10 Adeno-associated virus (AAV) is a small, non-enveloped virus whose DNA of 

4.7kb is linear and single-stranded, with hairpin-like structures at both ends (1; Figure 
la). AAV DNA encodes the three proteins, VP 1-3, which make up the viral capsids 
and four non-structural proteins called Rep78, Rep68, Rep52 and Rep40, which 
control replication and transcription of the viral genome (2). Although Rep proteins 

15 are not required to assemble the viral particle, Rep is foxmd associated with the 
particle (3). AAV is classified as a dependovirus because in order to replicate 
efficiently, it requires co-infection by another virus (e.g. adenovirus or herpes virus). 
To date, AAV has not been associated with any human disease, is relatively non- 
immunogenic and none of its proteins is known to possess oncogenic properties. 

20 Instead, it has been reported to suppress cell division (4-8). There have been reports 
that Rep78 may interact with p53 such as to suppress adenoviral oncogenic activity 
(Batchu et al Cancer Res (1999) Aug 1; 59(15) 3592-5. 

AAV DNA is single-stranded with hairpin structures at both ends (see Figure 
1 herein) that has been implicated in prophylaxis against tumours in the past. Of 

25 particular interest are papers by Schlehofer (1994) Mutation Research 305, 303-313 
and by De la Maza and Carter (6). Schlehofer notes that Seroepidemiology of AAV 
infections in cancer patients which showed that cancer patients exhibited antibodies to 
AAV types -2, -3 and -5 less firequently than controls, although the data was 
statistically significant only in the case of cervical carcinoma and AAV-2. The paper 

30 concluded that it might be possible to sensitise cells to chemotherapy or irradiation by 
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infecting them with AAV. Again AAV Rep was considered a hkely candidate for 
tumour-suppressive effects. De la Manza et al reported that AAV-2 capsids containing 
incomplete virions (DI particles) retaining the terminal repeats could supress 
formation of tumours in hamsters in response to infection with adenovirus- 12. 
5 Purified AAV DNA injected into animals did not reduce tumour incidence but 
sheared AAV-2 DNA and DI particle DNA did, particularly that only containing the 
terminal DNA. The authors here refer to inhibition of adenovirus 12 tumorigenesis. 

In contrast to that which has gone before, the present inventors have now 
determined that nucleic acid containing bases that are unpaired, particularly DNA and 

10 particularly that in a relatively stable form such as in AAV terminal DNA, is capable 
of selectively IdUing cells that lack effective p53 function, that is the function of p53 
that maintains cells in G2 phase. This is significant in so far as it provides a curative 
therapeutic use of AAV terminal DNA and similar structures containing unpaired 
bases, and not just a prophylactic use of AAV. Such prophylactic use would require 

15 AAV to be adminsitered continuously in order to avoid ehmination of active, eg. by 
integration into the cells genome or nuclease activity. The therapeutic now provided is 
effective when administered when a tumour has been detected, a facility not at all 
appreciated by the prior art, potentially for all p53 deficient tumours, or for the 
purpose of eliminating cells rendered p53 deficient by infection, particuarly but not 

20 exclusively by viruses. 

The present inventors have now determined that this structure eUcits a DNA 
damage response which in the absence of p53 activity leads to cell death, probably by 
apopotosis. The inventors investigations indicate that DNA introduced into cells in 
this way can activate signalling pathways that lead to G2 arrest or cell death, in the 

25 absence of damage to cellular DNA. This system presents a novel principle of 
delivering DNA of unusual or modified structures into cells to selectively eliminate 
those lacking in p53 activity. However, the inventors have determined that this 
principle may be applicable to other combinations of tissues and looped/single 
stranded DNA delivery vehicles, whether these be viral or otherwise. 
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The experiments of P M Ogston have shown that the presence of p53 activity 
is clearly required to maintain the G2 block and prevent death of AAV-infected U2- 
OS and Saos-2 osteoblasts. It was suggested that viral Rep, assciated with AAV-2 
DNA could cause this effect. 
5 The inventors have now confirmed that not only the viral capsid protems, but 

also viral Rep protein and a combination of these, were imable to elicit such effects. 
Rather, the similarity between the effects of AAV and those observed when cellular 
DNA is damaged suggests that the viral DNA, owing to its unusual structure, triggers 
a DNA damage response. To date the reported p53-associated cellular responses to 

10 DNA damage are increases in p21 (14), GADD45 (23) and 14-3-3a protein levels 
(18), and inhibition of the cyclin B and cdc2 gene expression (24, 25). The effects 
induced by AAV have brought to light a new level of regulation in response to DNA 
damage, and that is the destruction of CDC25C phosphatase. In the absence of this 
phosphatase, cdc2 remains phosphorylated and therefore inactive. Thus it appears that 

15 the underlying feature of G2 arrest induced by DNA damage responses, is the 
prevention of cyclin B-cdc2 kinase activity. 

The notion that p53 can prevent cell death under certain circumstances has 
gained support from work on cellular responses to DNA damage. How cells that lack 
p53 activity die when their DNA is damaged remains speculative (26, 27). Because 

20 the use of irradiation and genotoxic drugs inevitably causes physical damage to 
cellular DNA, it was proposed that when these cells attempt to divide, they imdergo 
mitotic catastrophe (18). In the experiments described in the Examples below, the 
inventors induced DNA damage response using AAV instead of damaging the DNA 
of the cell, and still observed the death of those cells that lack p53 activity. This is 

25 consistent vnth the idea that cells possess a mechanism triggering cell death if they 
attempt to undergo mitosis in the presence of a DNA damage response, as happens 
when cells lack p53 activity. 

The present inventors have performed a series of experiments that show that 
cells that possess p53 activity, when infected with low amounts of AAV, eg 250 moi, 

30 arrest briefly at the G2 phase of the cell cycle, after which they re-enter the cycle and 
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resume normal cellular division. On the other hand, cells without p53 activity also 
arrest at G2 but only for a transient period before undergoing apoptosis. In this series 
of experiments non-dividing cells were not affected by AAV infection. 

Protein extracts from AAV-infected U-20S cells were analysed with the use 

5 of antibodies that recognise various proteins that regulate the cell division cycle. In 
particular the p53 and p21 proteins were found to increase in quantity after AAV 
infection. The amount of CDC25C protein on the other hand decreased drastically in 
response to AAV infection while inhibition of proteosome activity prevented the 
disappearance of the CDC25C protein. U20Sp53DD cells which have a dejficit of p53 

10 did not contain reduced amounts of CDC25C protein when infected with AAV. The 
quantity of most other proteins analysed did not fluctuate in response to AAV 
infection. 

When activity of U20S cell ATM protein, which is normally activated in the 

event of DNA damage, was inhibited by caffeine, the cells failed to arrest at the G2 
15 phase of the cell cycle when they were infected with AAV. Under normal conditions 

cyclin B-cdc2 kinase activity increases steadily after completion of DNA synthesis. 

As a result of AAV infection, the activity of this kinase failed to increase. 

In response to AAV infection, the amount and activity of p53 protein was 

augmented, causing an increase in the amounts of p21 protein. This is likely to be a 
20 result of the activation of the ATM kinase. The CDC25C protein, which is a crucial 

activator of cellular division, is targeted for degradation via the proteasomal pathway. 

This appeared to occur only when p53 activity is present in the AAV-irfected cell. 

The result of these effects is the inhibition of the cyclin B-cdc2 kinase activity and 

hence the inhibition of cellular division (G2 arrest). The features of AAV*s effects on 
25 cells are reminiscent of those induced by DNA damage. 

Thus the present invention provides as its focus delivery of a DNA damage 

signal to a p53 activity deficient cell, such that the cell dies, probably through 

apoptosis, without the need to damage its native DNA, and advantageously, without 

risk of damaging DNA of adjacent p53 competant cells. 
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Viral entry into the cell is required for production of the aforesaid AAV- 
induced effects. Inactivation of the virus with UV enhances the potency of the virus 
while the viral capsids alone or the capsids together with Rep proteins were not able 
to recapitulate the effects of the foil virus on cells. In addition, neither the synthesis of 
5 AAV proteins, nor the replication of the AAV DNA was required for the observed 
effects of AAV on cells. Instead, AAV DNA, which is single-stranded with two 
haiipm-like structures at both ends, appears to be responsible for inducing a DNA 
damage response m the cell, similar to that induced by a DNA damaging agent. When 
cloned double-stranded AAV DNA was introduced into cells by means of 

10 transfection, or cells were infected with UV-irradiated adenovirus, a double stranded 
DNA virus, the cells did not arrest at G2 or die. 

Thus in a first aspect of the present invention there is provided a method of 
killing a cell that is lacking in effective p53 protein activity, particularly as compared 
to wild type, characterised in that it comprises delivering to the cell a single stranded 

15 and/or looped DNA containing at least one unpaired base, the DNA being in a form 
that is internalised by the cell. Preferably the method selectively kills the cell lacking 
in p53 protein activity in the presence of a background population of cells having an 
effective p53 protein activity. Preferably the cells are of manmialian type and more 
preferably are human. More particularly the cell is a dividing cell and the background 

20 population is preferably non-dividing. Thus whereas a cell may be infected by the 
DNA of ttie invention when not dividing, that cell will be killed when it divides if p53 
is not fonctional. 

Preferably the single stranded DNA is in a form that is resistant to being 
converted to double stranded DNA in a target cell, ie a cell of the type to be killed, eg 
25 a Saos-2 cell. AAV DNA is an example of this, particularly when UV-irradiated to 
reduce its already restricted replication capabihty. Preferably, any DNA including a 
single stranded portion with at least one region of un-basepaired DNA and lacking 
sites required for binding of any obligatory enzymes or organelles necessary for DNA 
replication would, by the present invention, suffice. 
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Preferably the DNA is in the form comprising a length of single stranded 
DNA in which no base pairing occurs, this being at least of one base long. Single 
stranded DNA may be in a form which comprises single stranded loops within double 
stranded DNA, but conveniently all the DNA is single stranded. The DNA might also 
5 be in the form of loops that, while double stranded in the sense that complementary 
bases are paired with each other in a conventional double stranded DNA basepair 
relationship such as shown in Figure 1(a) of the figures herewith, these strands have 
unusual junctions where the adjacent base pairs are not always adjacent in the DNA 
sequence. 

10 By looped DNA is meant a single strand of DNA that is base paired with itself 

over all or at least part of its length. Thus part of the single strand may not be base 
paired to another part of the single strand, but may be base paired with other DNA on 
a separate strand. The base pairs in the loops in the case AAV DNA are all on the 
same strand of DNA and comprise hairpin loops, in so far as the loops are 'tightly. 

15 formed' and do not comprise much DNA in unpaired form. It will be apparent to 
those skilled in the art that such loops may be produced in double stranded DNA 
where one strand has complementary regions base paired with each other. 

While one preferred form of looped DNA will be AAV, particularly AAV-2, 
DNA, it will be possible to use other DNA sequences that form similar loops, all that 

20 is required being internal palindromes that are capable of pairing within the same 
strand while leaving at least one base, most readily seen to be an internally situated 
base within the strand, impaired. In a further example, completely circular DNA, 
where there is no 3* or 5' end, may be used. 

Preferred forms of the invention will provide such DNA in a stabilised form 

25 with respect to nucleases and other agents that would degrade it. Such modifications 
will be known to those skilled in the art of oligonucleotide chemistry, particularly by 
modification of the phosphodiester groups of the DNA backbone, at least at one or 
both of the 3' and/or 5' ends, by replacing them with analogous but more nuclease 
resistant groups such as peptide, methylene or methylimino groups, but most 

30 preferably by phosphorothioate groups. Such technology is provided on contract 
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research basis by companies such as Molecula Research Laboratories, 13884 Park 
Center Road, Herdon VA 20171, USA (Molecula is correct spelling) or Metabion, 
Len-Christ-Strasse 44, D82152 Planegs-Martinsried, DE. Many other companies offer 
custom synthesis of DNA oligos using phosphothioate nucleotides and, while it may 

5 be preferred to use all the bases in such from, it will be realised that routine 
experimentation will allow the best combination of natural and phosphothioate bases 
in a given poly or oligonucleotide of the invention for the purposes of increasing 
stability in vivo while not affecting ability to enter cells and maintaining good 
pharamcokinetic profile.. Alternatively the DNA might be rendered resistant to 

1 0 degradation by crosslinking, eg. by UV or chemical crosslinking. 

By effective p53 protein activity is particularly meant the ability to bind to 
DNA or prevent cell division and particularly both. Thus loss of activity may be due 
to lack of expression of an encoded effective p53 or by mutation of p53 such that one 
or both activities are lost in the mutant protein. Particularly p53 activity is that which 

15 maintains a cell within the G2 phase of the cell cycle. 

The single stranded DNA may be in a form that is internalised by all cells, 
mammalian cells or just human cells, whether lacking (p53-) or having p53 intact 
(p53+), but more typically will be in a form that is internalised by a sub-population of 
mammalian or human cells, optionally including both p53- and p53+ cells. For 

20 example it may be intemahsed by a sub-population of cells of a particularly tissue 
type, ie. lung, colon, liver, skin, bladder, CNS, blood (ie. lymphocyte), cervix, neck or 
bone. Other tissue types that are subject to presence of tumour cells or which are 
subject to infection that leads to depletion or reduction in p53 activity as compared to 
non-tumour or non-infected cells will occur to those skilled in the art. 

25 For intemalisation purposes the single stranded DNA is conveniently in a form 

attached to or associated with a moiety that binds with a target cell wall and thus 
facilitates entry of DNA into the cell, more conveniently being the form of adeno- 
associated virus, whose protein is capable of using a cell surface receptor for entry 
into the cell. It will be reaUsed that other proteins from other viruses will also provide 

30 ability to enter into cells using different cell surface receptors. Examples of such 
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proteins are capsid or fibre proteins; eg. LI or L1/L2 protein fi:om Human Papilloma 
Virus (HPV) assembles into capsids which are intemalised by cells and which may be 
filled with single stranded DNA, eg. of AAV type, preferably AAV single stranded 
DNA that has been rendered less able to form double stranded DNA by damaging 
5 treatment, eg with radiation such as UV. Any other viral capsid protein that is capable 
of being intemalised by cells may also be used to encapsulate the single stranded 
DNA; examples include adenovirus, herpes virus, HIV, measles, EBV, HCV, MSV-2 
etc. Also of use will be viral fibres, such as those of Ad 5, or Ad 40 or 41 (eg. for 
targeting colon cells) which may be attached to the capsid protein or some other 

10 delivery vehicle, eg liposomes, in order to faciltitate intemalisation. Such other 
vehicles may be provided with a moiety that helps intemalisation . 

It will be realised that it will be desirable to maintain the single stranded form 
of the DNA within the target cell long enough for the cell to begin apoptosis. In the 
case of AAV the DNA is protected fi*om degredation by its structure alone, eg. by the 

15 end loops. Other such mechanisms are available to those skilled in the art, such as use 
of DNA mimics, eg. isosteres, and it will be possible to merely conjugate the single 
stranded DNA with one or more end loops or a degredation resistant mimic to a 
moiety that is capable of leading to its intemalisation in cells. 

It is fiirther possible to condense DNA with cationic peptides. The stmcture of 

20 the cationic peptides allows the attachment of Ugands for targeting purposes and 
fiirther peptides to decrease immune responses, eg multiple glycine peptides, eg as 
available firom Cobra Therapeutics. Although the efficiency of this system in vivo can 
be relatively low. Cobra have developed one system based on the peptide, code name 
CL22, which is very effective in delivering DNA to a wide variety of cells in vitro. 

25 A fiirther cationic ligand for targeting is a polylysine core, such as that 

described in Canadian Patent Application 2;25 1,691 and its US equivalent WO 
97/35873, which are incorporated herein by reference. Such core includes a central 
lysine containing moiety which in tum links to fiirther lysines which in turn are 
condensed to the oliginucleotide incorporating the un-paired base or bases. 
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A still further targeting moiety, which can be linked to the DNA or its carrier 
liposome or capsid, are penetratins such as are described by Derossi et al trends in 
Cell Biology (vol 8) Feb 1998., p8487, which are capable of being coupled to 
lipophilic molecules such as DNA and facilitate crossing of the cytoplasmic 
5 membrane. Other targeting examples are taught in WO 91/18981. Both these 
references are incorporated by reference herein. 

Although it is beheved that such DNA or conjugated DNA as described 
enough will be effective in many cases, the efficacy of the DNA might be improved 
by including within it a nuclear localisation signal, such as that of AAV, eg AAV-2, 
10 itself. This will enhance passage of the damage response to the cell nucleus. 

The present invention thus provides methods of killing p53 activity deficient 
cells, methods of treating individuals subject to p53 activity deficiency associated 
disease, use of DNA comprising un-paired single stranded DNA in manufacture of 
medicaments, such single stranded DNA for use in therapy and compositions 
15 comprising such single stranded DNA all as set out in the claims attached and herein 
above. 

Dose of virus or un-paired single stranded DNA to be administered for killing 
the target p53 deficient cells in v/vo, in humans or animals, will depend on the route 
of administration. For live virus, this may typically be of the order of fi*om 10^ to 10*"^, 

20 more preferably 10"^ to 10^^ with mxiltiplicities of infection generally in the range 
0.001 to 100. Where non-viable virus or non-replicating DNA is used the dose may be 
equivalently higher, based upon a genomic weight of AAV DNA. 

Typical doses of DNA adminstered to patients, even in forms unconjugated to 
targeting moieties, such as with purified AAV-2 terminal DNA, eg. the terminal 145 

25 bases, will be of the order of 0.01|ig to lOOmg per kilogramme, more preferably 
0.1 fig to Img per kilogramme, preferably intravenously in a sterile and pyrogen firee 
saline. 

The approach of the present invention to targeting cancer cells or cells infected 
with p53 inhibiting viruses, such as HPV16 or HPV18, has two advantages: (i) only 
30 cells that lack p53 activity are killed, and (ii) no damage to cellular DNA is involved. 
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The extension of this principle to other combinations of viruses and cell types as set 
out above would also provide an additional level of specificity in targeting different 
tissues. 

Currently used methods to induce cell death in cells lacking p53 activity 
5 include treatment with DNA damaging agents such as radiation and drugs. The 
present inventors findings provide an alternative with a number of advantages. Results 
firom their experiments show that a DNA damage signal can be elicited in cells 
without deliberately damaging the cells' own DNA. This can be achieved by 
introducing DNA with unusual structures, such as AAV DNA, into cells. Further 
10 advantages of this method over existing ones or those being presently developed are 
listed below: 

(i) Viruses are presently the most effective means available to deliver DNA into 

cells. 

(ii) Viruses are also naturally selective in the tissues they infect. This presents the 
15 possibility of using a panel of viruses (natural or modified) to target tumours based on 

their tissue origin, a means not available to present day cancer therapy. 

(iii) The problem of multiple-drug-resistance, which limits the effectiveness of 
chemotherapy, does not apply to this technology. 

(iv) The damage to cellular DNA by current cancer therapy can result in the 
20 emergence of mutant cells. This will not be a problem with this technology since it is 

not based on damaging cell DNA. 

(v) • Since the delivered DNA itself is the causative agent, this technology side- 
steps difficulties faced by protein-based or gene expression-based approaches to 
cancer therapy, such as promoter specificity, efficient expression of protein, toxicity 

25 of protein to non-tumour cells etc. 

(vi) This method is unlikely to pose a safety problem because AAV is not 
associated with any disease. 

(vii) Non-proliferating normal cells in close proximity to a tumour are not 
endangered since this method does not harm quiescent cells. Dividing cells with p53 

30 activity will either be arrested momentarily before resuming their normal activity or at 
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most be arrested for longer periods without being killed. Hence the possibility of 
damage to surrounding cells is rainimal. 

(viii) Since in preferred forms of the invention the viruses are inactivated prior to 

use, viral transcription, replication and viremia will not occur. Therefore, there would 
5 not be the problem of possible homologous recombination with vdld-type virus, as 

may be the case for other viral-based therapy. 

The present invention will now be described further by way of illustration only 

by reference to the following non-limiting figures, sequence hsting and examples. 

Further embodiments falling within the scope of the claims attached hereto will occur 
10 to those skilled in the art in the light of these. 

FIGURES 

Figure 1: Shows effects of AAV-2 infection on osteosarcoma cells 
Schematic representation of AAV DNA (a)- Saos-2 (b) or U20S (e) were infected 
15 with AAV at a muWplicity of infection (MOI) of 5000. Condition of cells at 200X 
magnification 2 days (c and f) or 5 days (d and g) after infection. 

Figure 2: DNA content of cells after AAV infection. Cells were infected with AAV at 
an MOI of either 250 (a and b) or 5000 (c to n). After the indicated times, cells were 
20 harvested, fixed in cold 70% ethanol and stained with propidium iodide. DNA content 
was measured by fluorescence activated cell sorter by flow cytometry. 

Figure 3: Illustrates apoptosis and protein analysis of AAV-2 infected U20S and 
Saos-2 cells. 

25 

Figure 3a: Shows FAGS analysis of Annexin V in uninfected (left column) and AAV- 
infected (two days post-infection, right column) Saos-2 cells. The circles area 
represents apoptotic cells 
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Figure 3b: Shows Western blots for U20S cells infected with retroviruses expressing 
p53DD, extracts prepared and analysed using antibodies to p53 (DO-1), p53DD 
(Pb421)andp21. 

5 Figure 3c: Shows p53 levels in extracts of primary human osteoblasts (NHO) and Ed- 
expressing NHO (NH0E6) analysed using antibodies to p53 (DO-1). 

Figure 3d: Illustrates p53 and p21 protein levels m U20S at designated time points 
after AAV infection^determined using Western Blotting. 

10 

Figure 3e: Illustrates the activaties of cyclin B-cdc2 kinase of U20S and Saos-2 cells 
either uninfected or infected by AAV or after Nocodazol treatment determined using 
Histone HI as a substrate. 

15 Figure 3f: Illustrates cylcin B and cdc2 proteins in U20S extracts used in (e) above 
for cyclin B-cdc2 kinase activities determined using Western Blotting. 

Figure 3g: Illustrates CDC25C, CDC25B and actin levels in extracts of U20S at 
various times after AAV infection determined using Westem Blotting. 

20 

Figure 3h: Shows analysis of CDC25C levels in extracts of U20sp53DD cells at 
various times after infection by AAV. 

Figure 3i: Iluustrates CDC25C protein levels in AAV-infected U20S in absence or 
25 presence of the proteasome inhibitor NaLLN added to the medium 24 hours post- 
infection and left for 2.5 hours. 

Figure 4: Involvement of p53 in determining cell fate in response to AAV infection. 
Westem blot analyses of Saos-2 cells that were selected with puromycine after 
30 infection with retroviruses expressing pRb (a) or p21 (b). Extracts of U20S infected 
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with retroviruses expressing p53DD after puromycine selection were analysed by 
western blotting using antibodies to p53 (DO-1), p53DD (Pb 421) and p21 (c). The 
p53 protein levels in extracts of primary human osteoblasts (NHO) and E6-expressing 
' NHO were analysed using antibodies to p53 (DO-1) (d). The p53 and p21 protein 
5 levels in U20S at designated time points after infection with AAV were analysed by 
westem blotting with antibodies to the respective proteins (e). 

Figure 5: Biochemical analysis of G2/M checkpoint regulators in response to AAV 
infection 

10 (a) Cyclin B-cdc2 kinase assay of U20S and Saos-2 infected with AAV. (b) Westem 
blot of cyclin B and cdc2 proteins of U20S extracts used in (a), (c) Westem blot of 
cell extracts obtained from U20S at various time points after infection by AAV with 
antibodies against human CDC25C, CDC25B and actin. (d) Westem blot analysis of 
CDC25C in extracts prepared from U20Sp53DD at various time points after infection 

15 by AAV. (e) 24hr after AAV infection, NaLLN (a proteosome inhibitor) was added to 
the medium of the infected U20S for 2.5hrs. Cells extracts were analysed for 
CDC25C protein by westem blotting, (f) U20S were either infected with AAV at 
MOI of 5000 or treated with 2 jitg/ml of Etoposide. Cell extracts prepared 24 hours 
later were analysed with antibodies against p53, p21 and CDC25C on westem blots. 

20 

Figure 6: Shows protein analysis of AAV infected colon carcinoma cells and 
etoposide treated U20S (a) where a series of related regulatory proteins as indicated 
in extracts of AAV-infected HCT116p53+/+ colon carcinoma cells was analysed by 
Westem blotting, (b) Analysis of CDC25C protein levels in HCT116p53'/- cells after 
25 AAV infection and (c) U20S either infected with AAV or treated with 2|ig/ml 
etoposide. Cell extracts were prepared 24 hours later were electrophoresed and probed 
with antibodies against p53, p21 and CDC25C. 
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Figure 7: Is a graph showing GFP expressing cells plotted versus days post injection 
with the agents indicated in the legend showing effect of AAV ITRs (terminal 145 
bases of AAV-2 DNA only) microinjected into cells. 

5 SEQUENCE LISTING 

The separeately numbered sequence Usting attached has sequences as follows: 
SEQ ID No 1: The genomic DNA sequence of AAV-2. 

SEQ ID No 2: The sequence of AAV-2 ITRs, the double loop structure found at each 
end of the cosing DNA of SEQ ID No 1 . 
10 SEQ ID No 3: The sequence of a first one of the single loops of AAV-2 genomic 
DNA as found in SEQ ED No 2. 

SEQ ID No 4: The sequence of a second one of the single loops of AAV-2 genomic 
DNA as found in SEQ ID No 2. 

SEQ ID No 5: The sequence of a synthetic cycUc DNA according to the invention. 

15 

EXAMPLES 
Methods 

Cell culture and inactivation of p53 activity in vivo. 

U20S and Saos-2 cells are obtainable from ATCC as HTB-96 and HTB-85 
20 respectively. These cells were cultured in DMEM supplemented with 10% foetal calf 
serum. NHO was purchased from "Clonetics". NHO and NH0E6 were cultured in 
Osteoblast Growth Medium (Clonetics) supplemented with 10% foetal calf serum and 
ascorbic acid. DNA encoding the p53DD protein was obtained from Dr. M. Oren and 
subsequently cloned into the retroviral vector, pBabepuro. Candidate retroviruses 
25 were prepared by transfecting pBabepurop53DD into phoenix-A cells (from Dr. G 
Nolan). 3 ml of the medium harvested 48 hours later were used to infect 1.5 million 
U20S cells in the presence of 10 |xg/ml polybrene. 24 hours after infection, cells were 
passed and selected with 1.5}ig/ml puromycine. Retroviruses bearing the HPV16 E6 
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gene were obtained from S. Lathion and used to infect NHO in a similar manner as 
described for p53DD. 

To inhibit the ATM activity, cells were treated with 2mM caffeine for the indicated 
5 times. AnnexinV analysis was performed according to the instmctions of the 
manufacturer (Boehringer Mannheim). 

Inactivation of AAV and mfection of bone cells 

AAV (5000 MOI) was diluted in 0.5ml of PBS in a small plastic dish and exposed to 
2,400J/ni2 of UV irradiation from a "Stratalinker'' (Stratagene). The inactivated 
10 viruses were fiirtlier diluted in 2,5ml of DMEM (10%FCS) before layering them on 
cells for 3 hours, after which fresh medium was added up to 10ml. 

Flow cytometry 

Cells were trypsinised, washed with PBS and fixed in 70% ethanol. After at least 30 
minutes they were centrifiiged, the ethanol removed and cells resuspended and 
15 incubated in 100 |ig/ml RNAse in PBS at 37C. After 30 minutes, propidium iodide 
was added up to 100 |ig/ml. DNA content was measured using Florescence activated 
cell sorter. 

Western blot and cyclin B-cdc2 kinase assay 

Cells were washed twice with PBS and scrapped from tissue culture plates using a 
20 rubber policeman. After centrifiigation in microfiige, cell pellets were resuspended in 
2 volumes of Reporter Lysis Buffer (Promega) supplemented with a cocktail of 
protease inhibitors (Calbiochem). After incubation on ice for 30 minutes with 
occasional vortexing, the samples were centrifiiged at 12,000 rpm in a micro fiige for 
10 minutes. The supematants were collected and protein concentrations measured 
25 using the Bradford assay (BioRad). 30[ig of proteins per sample were separated on 
SDS-polyacrylamide gel and transferred to nylon membrane (Hybond) and analysed 
with antibodies against p53 (R-Iggo), p21, CDC25C, CDC25B, actin, cyclin B and 
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cdc2 (Santa Cruz). The cyclin B-cdc2 kinase assay was performed as described 
previously (28) 

Injection of cells 

5 Saos-2, U20S and U20sp53DD cells were injected with DNAs which were first 
filtered using a 0.2|Lim filter. PCieGEP contained a CMV promoter that controls 
expression fo Green Fluorescent Protein gene. The AAV hairpin oligoinucleotide was 
synthesisd (Microsynth) based upon the sequence of AAV-2 inverted terminal repeats 
(nucleotide positions M45). DNAs pCieGFP 400fig/ml or pCieGFP 200|ixg/ml + 
10 hairpin DNA 200|i/ml) were injected into cells using an Eppendorf Micromanipulator. 
Four hours post-injection, green cells were visible and cells were countedon 
successive days. 

Example 1: Use of AAV to kill p53- Osteosarcoma cells. 

15 Two osteosarcoma cell Unes were infected with AAV-2 in absence of helper 

virus and were noted to exhibit morphological changes. AAV-infected Saos-2 cells (a 
p53~null, pRb-nuU osteosarcoma line) died (Figure lb to d), while U20S cells (which 
are wild type for p53 and pRb) enlarged to several times the size of uninfected cells 
(Figure le to g). Measurements of cellular DNA content by flow cytometry revealed 

20 that Saos-2 cells, when infected with AAV, accumulated briefly with DNA content 
greater than 2n. Cell death occurred soon after (Figure 2a). On the other hand, the 
majority of U20S cells arrested with 4n DNA content for several days, after which 
they re-entered the cell cycle (Figure 2b). However when higher amounts of AAV 
were used, most of the U20S cells arrested in the G2 phase for a prolonged period 

25 without subsequent re-entry into the cell cycle (Figure 2c). , 

Example 2: Use of UV inactivated AAV DNA to kill pS3- Osteosarcoma cells 

To determine whether AAV replication or the expression of viral proteins 
were required, we inactivated AAV by ultraviolet (UV) hght prior to infection and 
30 found that its effect on the cells was not diminished but rather enhanced. We conclude 
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that a component of the virion is responsible. Hence UV-treated AAV was used in 
subsequent experiments. 

Example 3: Use of UV inactivated AAV DNA to kill U20S p53+ with p53 

5 inactivated using p53DD: 

Since Saos-2 cells are null for p53 and pRb, and express very low amounts of 
p21, we asked whether any of these proteins was responsible for the different 
reactions (death or G2 arrest) of these two osteosarcoma lines to AAV infection. We 
expressed p2I or pRb in Saos-2 from retroviral vectors, prior to infecting them with 

10 UV-inactivated AAV. The presence of either of tliese proteins, even at high amounts 
as determined by western blot analysis (Figure 3a and b), did not sustain the G2 arrest 
or prevent Saos-2 from dying (data not shown). To investigate the contribution of 
p53, we inactivated the p53 protein in U20S by ectopically over-expressing p53DD, a 
trans-dominant negative p5 3 mutant (9). The stabiHsation of the endogenous p53 

15 protein and the reduced levels of p21 protein in these cells indicated that the activity 
of the endogenous p53 was indeed compromised by p53DD (Figure 3c) (10). 
Infection of these cells with AAV resulted in a transient G2 arrest followed by cell 
death (as seen with Saos-2 cells) (Figure 2d), suggesting that although p53 activity is 
not necessary to initiate a G2 arrest, it is required to maintain it and prevent cell death. 

20 

Example 4: Use of UV inactivated AAV DNA to kill normal human osteoblasts 
with p53 inactivated bv HPV16 E6. 

To know whether this effect of AAV was unique to Saos-2 and U20S,' or if it 
was general to bone cells, normal human osteoblasts (NHO) were infected with AAV. 

25 These cells also arrested at G2, enlarged and remained so for more than two weeks 
without dying (Figure 2e). When the p53 protein in NHO was degraded by expression 
of the HPV16 E6 protein prior to infection with AAV (Figure 3d), the cells (NHOE6) 
arrested at G2 for a short period, before dying (Figure 2f) (just as Saos-2 and 
U20Sp53DD cells did). These observations suggested that the effect of AAV on cell 

30 division is not unique to osteosarcomas but is also observable in normal bone cells. In 
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addition, the ablation of p53 activity either by p53DD or HPV16 E6 causes the cells 
to die when infected with AAV, underlining the importance of p53 activity as the 
determining factor in the response of dividing osteoblasts to AAV. Consistent with 
this, western blot analysis showed that the p53 protein in U20S was stabilised 
5 following AAV infection (Figure 3e). A similar increase was also observed for the 
p21 protein (Figure 3e), which is indicative of an increase in p53 activity (10). 

Example 5: Effect on cyclin -cdc2 kinase: 

10 To analyse further the cell cycle block imposed by AAV, activity of the cyclin 

B-cdc2 kinase was assayed. This enzyme is crucial in triggering the transit of the cell 
from the G2 phase to mitosis (1 1). Cells blocked in mitosis by nocodazol exhibit high 
cyclin B-cdc2 kinase activity (Figure 4a). However, AAV-infected U20S and Saos-2 
cells, despite having a 4n DNA content possessed cyclin B-cdc2 kinase activity that 

15 was even lower than that of the unsynchronised control population, indicating that the 
AAV-induced block was at the G2 phase (Figure 4a). Although the activation of p53 
and the increase of p21 protein level could contribute to the decreased cyclin B-cdc2 
kinase activity, and hence the G2 block (12-14), they are certainly not the only factors 
responsible because low cyclin B-cdc2 kinase activity was also observed in Saos-2 

20 cells, which lack p53. Since the protein levels of cyclin B and cdc2 in AAV-infected 
cells were the same as those of mitotic cells (Figure 4b), the low kinase activity of 
cdc2 was not a result of lowered protein production. However, following infection of 
U20S with AAV, a substantial fraction of the cdc2 protein migrated on gel 
electrophoresis at a slower rate than the control, indicating that it might be 

25 phosphorylated (Figure 4b). On checking the CDC25C phosphatase, which is crucial 
for dephosphorylating and activating cdc2 (15), we found that the protein level of this 
phosphatase decreased dramatically in U20S in response to AAV infection (Figure 
4c). Interestingly, U20Sp53DD cells, when infected with AAV did not contain 
reduced levels of CDC25C protein (Figure 4d). Treatment of AAV-infected U20S 

30 cells with N-acetyl-leu-leu-norleucinal (NaLLN), a proteasome inhibitor (16), 



-20- 



wo 01/80840 



PCT/GBOl/01795 



prevented the disappearance of the CDC25C protein (Figure 4e), indicating that the 
proteasome complex was responsible for the degradation of CDC25C in U20S. This 
degradation was specific since the protein level of CDC25B (Figure 4c) and that of 
many other proteins tested, were unchanged. We conclude that the destruction of 
5 CDC25C protein triggered by AAV is coupled to the presence of functional p53, and 
is important for the prolonged G2 arrest. 

Example 6: Comparative Example-control: 

To determine which constituent of the AAV particle was responsible for these 

10 effects, we infected cells with the individual components of the virus. AAV-like 
particles were prepared from recombinant baculoviruses expressing VPl, VP2, and 
VPS. Empty AAV particles, containing the capsid proteins and Rep, but not AAV 
DNA, were purified from AAV preparations using caesium chloride gradient 
centriftigation. None of these affected the growth of Saos-2 or U20S cells. Retroviral- 

15 mediated expression of the Rep proteins alone in cells did not change CDC25C 
protein levels or p53 activity (Saudan et al, submitted). The UV-inactivated AAV 
used in these experiments is unable to support the synthesis of viral proteins or DNA, 
indicating that newly synthesised viral proteins were not responsible for inducing 
these effects. Instead, the results outhned above indicate that the viral DNA is the 

20 causative agent. Several lines of evidence suggest that AAV DNA, which is single- 
stranded with hairpin loops at both ends, can be sensed as abnormal DNA by the cell 
(17) and trigger a DNA damage response. Firstly, UV-inactivation of the virus prior 
to use did not reduce but rather increased the magnitude of the effect. By preventing 
second strand synthesis, UV-treatment preserves the viral DNA in its initial single- 

25 stranded form, and thus induces a prolonged activation of the DNA damage 
checkpoint. Secondly, the cellular response to DNA damage (14, 18) or to AAV 
infection bears many similarities. In both cases, cells can respond by either 
estabUshing a prolonged arrest at G2, if p53 is present, or by pausing briefly at G2 
before dying, when p53 is absent 

30 
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Example 7: Comparative Example-control: 

Caesium chloride fractions of AAV preparations were UV-irradiated at 
2400J/m^ prior to using them infect U20S cells. After 2 days contents of cellular 
DNA were measured by FACS analysis. About 60% of cells infected with fraction 3 
5 (see Figure 5) were arrested in G2. Immunoblots show that Rep proteins were not 
present in that fraction, but were present in fraction 5 and above, which do not affect 
cells . Although VPl, VP2 and VPS were present in fraction 3 they were also present 
in fractions that produced no response. Fraction 3 contains AAV-DNA. 

10 Example 8: Requirement for internalisation of DNA into target cells. 

When infection with UV irradiated AAV was performed in the presence of 
heparan sulphate, which blocks the surface receptor by which the AAV enters the cell, 
the effects of AAV on the cells were diminished in direct proportion to the amount of 
heparan sulphate present. 
15 When AAV infections were performed in the presence of antibodies against 

the AAV particle, none of the cells reacted to the virus 

When the AAV was inactivated by ultraviolet Ught, prior to infection, the 
effect of the virus on the cells were not decreased, but increased. 

20 Example 9: Comparison to etoposide DNA damage . 

To confirm that it is the DNA damage pathway that is activated, U20S cells 
were treated with etoposide, which is known to damage DNA (19), in place of AAV 
infection. When the levels of p53, p21 and CDC25C proteins were analysed, they 
were found to change in a manner identical to that caused by AAV (Figure Af), 

25 confimiing that a DNA damage response was activated. AAV encapsidates either of 
the complementary viral DNA strands, but in separate viral particles. Isolation of 
AAV DNA from the particles would not conserve its hairpinned single-strand 
structure since the complementary strands, once released, can reanneal. Therefore 
transfection of AAV DNA would not be expected to mimic the effects of AAV 

30 infection, a result that was did indeed observed 
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In the case of AAV-infected osteoblasts, damage is coupled to the destruction 
of CDC25C protein, but not to an increase of 14-3-3a protein. In DNA-damaged 
human colorectal cancer cells the G2 block is coupled to an increase of 14-3-3a 
protein levels (18), while in human foreskin fibroblasts, repression of the cyclin B and 
cdc2 gene expression was reported (24). All these pathways eventually result in the 
inactivation of the cyclin B-cdc2 kinase activity and the maintenance of the G2 arrest. 

Example 10: Further cell lines. 

HT1080; human smooth muscle cells were tested and found to be arrested at 
the G2 phase of the cell cycle when infected with AAV. Human colon carcinoma cell 
line HCTl 16 (with wild type p53) were tested and found to arrest at the 02 phase of 
the cell cycle. When HCTI16 p53''/- cells were infected with AAV, they arrested 
briefly at 02 and subsequently died (see Figure 2g and 2h). In the p53+ line p53, p21 
and 14-3-3a levels increased while cdc2 and CDC25C decreased (see Figure 6a). 
Thelevel in the p53- cells was unchanged as in the p53DD U20S (see 6b). HCTl 16 
cells lacking p21 failed to sustain 02 arrest and died while those lacking 14-3-3a 
sustained arrest with minmal cell death. 

Figure 6c shows that etoposide mimicks this effect U20S cells infected in the 
presence of caffeine, an ATM inhibitor fail to arrest at 02 phase, but continue to 
proUferate (see Figure 2k). Consistent with this, ATM null cells (AT5BI, SV40 
transformed) were not affected by AAV, while control cells (OM847 and MRC5- 
SV2) were (see Figure 21-n).Thus this is consistent with AAV affacting the cell by 
inducing ATM-dependent DNA damage response. 

Thus AAV is able to induce similar effects in cells of mesenchymal (bone and 
muscle) and epithehal origin. 

Example 11: Effect of hairpin loop DNA. 

Saos-2, U20S and U20Sp53DD cells were microinjected with an 
oligonucleotide corresponding to the AAV hairpin 145 base sequence (See SEQ ID 
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No 2) with no AAV coding sequence. The Saos-2 and U20Sp53DD cells were killed 
(see Figure 7) whereas the U20S cells survived, illustrating that this un-paired base 
containing DNA is effective to kill p53- cells. From the earlier work where the 
purified ITR-DNA was found to suppress tumour formation in repsonse to Adl2 
5 infection in whole Hamsters, it is clear that such DNA may be expected to be 
internalised by cells after iv injection, without need to microinject individual cells. 

Example 12: Effect on tumour formation. 

Isogenic HCT116p53-/- and HCT116p53+/+ cell Unes wereinjected under die 
10 skin of nude mice followed by injection of AAV or PNBS as control two days later. 
With the -/- line 100%of the control injections gave rise to tumours, whereas this fell 
to 17% with AAV treatment. With the +/+ line 80% of the tumours were still formed 
with AAV, consistent with the findings of de la Maza and Carter ibid. 

The effect of AAV on established tumours was then tested, with size of 
15 tumours being 34 to 74% of the controls for lines. With HT29 cells, a further p53- 
line, AAV caused complete regression of 60% of tumours and reduction in size to 19 
to 34% of controls of the remainder. 

Example 13; Synthetic p53- selective cytotoxic DNAs. 

20 It will be realised that it is not necessarily the case that one would need to use 

AAV DNA or loops thereform. The inventors conceive the following proposed 
DNAs for use of the invention, it being realised that unpaired bases may be 
substituted for any other bases and paired bases may be substututed by any other 
• basepair, while remaining in the spirit of the invention: 

25 

(i) A single stranded DNA having internal palindromic sequence such that all the 
bases pair up with other bases of the DNA with the exception of a loop end, eg 
comprising one, two or three unpaired bases, as exemplified by the formula. 
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wherein and are hydrogen or equilength oligonucleotide chains basepared to 
each other, 

the sequences TA and AT linked to the se chains are basepaired to each other in the 

conventional manner way, and the three bases N at the end are not base paired. 

It will be realised that TA and AT may be replaced by CG and GC, GT and TG, TG 

and GT, GC and CG or AT and TA. 

or 

(ii) Cyclic single stranded oligonucleotides of general formula 



wherein N1-N4 and X are independently selected nucleotides and n is an integer from 
0 to 10, more preferably 1 to 4, most preferably 1, 

One example of such an oligonucleotide is 




where all the bases are contiguosly linked to each, but one or more or all are not 



In both cases (i) and (ii) bases may be modified bases that are resistant to nucleases. 

Any of the bases, but particularly the 5' or 3' bases in the case of (i) may be linked by 
an ester or amide or other suitable linking bond to a peptide or other targeting moiety 




basepaired. 



if it is desired to change targeting in any way. 
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Methodology for linking these single stranded oligonucleotides to trageting moieties 
is that as provided in the following texts, incorporated herein by reference. 

Processes for linking DNA to molecules such as biotin and digoxigenin using 
nirophenyl azido goups and UV radiation are described in Forster et al (1985), Habili 
et al (1987), Agrawal et al (1986), Jablonski et al (1986) and Renz and Kurz (1984), 
Guesdon (1992), Vialeand Dell'Orto (1992), Reischl et al (1994) and Mansfiled et al 
(1995) -see Sambrook et al , Molecular Cloning, A laboratory Manual Third Edition, 
Cold Spring harbour Laboratory Press, Chapter 9 for details of references. 

Use of DNA to protein/peptide binding motifs has been employed to assocciate DAN 
to proteins of peptides, for example use of Gal4 peptide binding motif allows peptides 
fmsed to gal4 to be used, (see WO/0026379 and PCT/DE99/03506 incorporated by 
reference herein. 

Signal peptides are coupled to DNA using echniques such as those described in 
PCT/US95/07539, page 13. Covalent thioester bonding is particularly favoured.. 
DNA can alos be coated and or enmeshed in peptides as described in WO 97/25070, 
see page 46 incorporated herein by reference. 
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CLAIMS 

1. A method of killing a cell that is lacking in effective p53 protein activity 
characterised in that it comprises delivering to the cell a single stranded and/or looped 

5 DNA including a portion with at least one base that is un-basepaired with another 
base in a form that is capable of being internalised by the cell 
with the provisio that the cell is other than a Saos-2 cell. 

2. A method as claimed in claim 1 characterised in that the single stranded and/or 
10 looped DNA is not configured to expressing a peptide or protein but selectively kills 

the cell lacking in p53 protein activity in the presence of a background population of 
cells having an effective p53 protein activity, 

3 A method as claimed in any one of the preceding claims characterised in that 
1 5 the cell is a dividing cell. 

4. A method as claimed in any one of the preceding claims characterised in that 
the single stranded and/or looped DNA is in a form attached to or associated with a 
moiety that binds with a target cell wall. 

20 

5. A method as claimed in any one of the preceding claims characterised in that 
the smgle stranded and/or looped DNA is in the form of adeno-associated virus or is 
associated with adeno-associated virus protein. 

25 6. A method as claimed in any one of the preceding claims characterised in that 
the single stranded and/or looped DNA is in the form of an adeno-associated virus 
that has been treated such that the DNA is no longer capable of replication or 
expression in cells. 



-31- 



wo 01/80840 



PCT/GBOl/01795 



7. A method as claimed in any one of the preceding claims characterised in that 
the single stranded and/or looped DNA is in the form of a radiation treated adenovirus 
asscociated virus. 

5 8. A method as claimed in any one of the preceding claims characterised in that 
the single stranded and/or looped DNA has a loop of DNA at one or both of its ends. 

9. A method as claimed in any one of the preceding claims characterised in that 
the single stranded and/or looped DNA is associated with a moiety that facilitates 

10 intemalisation into a target cell. 

10. A method as claimed in any one of the preceding claims characterised in that 
the single stranded and/or looped DNA is encapsulated within a viral protein capsid 
that is capable of using a cell surface receptor for association with or entry into a 

15 target cell. 

11. A method as claimed in any one of the preceding claims characterised in that 
the single stranded and/or looped DNA is associated with, or contained within a 
vehicle with is associated with, one or more viral fibres which facilitate intemalisation 

20 of the DNA into a target cell. 

12. A method as claimed in any one of the preceding claims characterised in that 
the single stranded and/or looped DNA is condensed with a cationic peptide. 

25 13. A method as claimed in any one of the preceding claims characterised in that 
' the single stranded and/or looped DNA is associated with or encapsulated within a 
hposome. 

14. A method as claimed in any one of the preceding claim characterised in that 
30 the single stranded and/or looped DNA is associated with a penetratm or integrin. 
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15. A method of treating an individual suffering from a mutant p53 associated 
cancer, or an infection that inhibits cellular p53, comprising administering to that 
individual a therapeutically effective amount of a single stranded and/or looped DNA 
as described in the method of any one of Claims 1 to 14. 

5 

16. Use of a single stranded and/or looped DNA in a form that is intemahsable by 
a target cell that is lacking in effective p53 protein activity cell for the manufacture of 
a medicament for treating mutant p53 associated cancer. 

10 17. Use of a single stranded and/or looped DNA in a form that is intemalisable by 
a target cell that is lacking in effective p53 protein activity cell for the manufacture of 
a medicament for treating infections with viruses that inhibit p53 activity, 

18. Single stranded and/or looped DNA including a portion with at least one base, 
15 internally located with respect to any 3' and 5' ends of the DNA, that is un- 

basepaired with another base, in a form that is capable of being internalised within a 
target cell, for use in therapy. 

19. Single stranded and/or looped DNA as claimed in Claim 18 in a form that is 
20 resistant to degradation, for use in therapy. 

20. Single stranded and/or looped DNA as claimed in Claim 19 characterised in 
that it has a loop of DNA at one or both of its ends, for use in therapy. 

25 21, Single stranded and/or looped DNA in a form associated with a moiety that is 
capable of binding to a target cell, the target cell lacking in p53 activity, for use in 
therapy. 

22. Single stranded and/or looped DNA as claimed in any one of Claims 18 to 21 
30 in a form that is encapsulated within a viral capsid or a liposome, for use in therapy. 
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23. Single stranded and/or looped DNA as claimed in any one of Claims 18 to 22 
in a form that is not capable of self replication in cells, for use in therapy. 

24. Single stranded and/or looped DNA as claimed in any one of Claims 18 to 23 
5 in a form that does not form double stranded DNA in a cell for use in therapy 

25. A pharmaceutical composition comprising a single stranded and/or looped 
DNA including a portion with at least one base, internally located with respect to any 
3' and 5' ends of the DNA, that is un-basepaired with another base. 

10 

26. A composition as claimed in Claim 25 charaterised in that the DNA is 
associated with a moiety that binds to a target cell lacking p53 activity, said DNA not 
being in the form of AAV DNA. 

15 27. A pharmaceutical composition comprising AAV DNA that has been rendered 
incapable of forming double stranded DNA in a target cell by exposure to radiation 
treatment. 

28. A composition as claimed in Claim 25 to 27 characterised in that the DNA is 
20 provided together with a pharmaceutically acceptable carrier in a pyrogen and/or 
sterile form. 
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<210> 1 
<211> 4675 
<212> DNA 

<213> adeno-associated virus 2 
<4p0> 1 

ttggccactc cctctctgcg cgctcgctcg ctcactgagg ccgggcgacc aaaggtcgcc 60 
cgacgcccgg gctttgcccg ggcggcctca gtgagcgagc gagcgcgcag agagggagtg 120 
gccaactcca tcactagggg ttcctggagg ggtggagtcg tgacgtgaat tacgtcatag 180 
ggttagggag gtcctgtatt agaggtcacg tgagtgtttt gcgacatttt gcgacaccat 240 
gtggtcacgc tgggtattta agcccgagtg agcacgcagg gtctccattt tgaagcggga 300 
ggtttgaacg cgcagccgcc atgccggggt tttacgagat tgtgattaag gtccccagcg 360 
accttgacgg gcatctgccc ggcatttctg acagctttgt gaactgggtg nccgagaagg 42 0 
aatgggagtt gccgccagat tctgacatgg atctgaatct gattgagcag gcacccctga 480 
ccgtggccga gaagctgcag cgcgactttc tgacggaatg gcgccgtgtg agtaaggccc 540 
cggaggccct tttctttgtg caatttgaga agggagagag ctacttccac atgcacgtgc 600 
tcgtggaaac caccggggtg aaatccatgg ttttgggacg tttcctgagt cagattcgcg 660 
aaaaactgat tcagagaatt taccgcggga tcgagccgac tttgccaaac tggttcgcgg 720 
tcacaaagac cagaaatggc gccggaggcg ggaacaaggt ggtggatgag tgctacatcc 780 
ccaattactt gctccccaaa acccagcctg agctccagtg ggcgtggact aatatggaac 840 
agtatttaag cgcctgtttg aatctcacgg agcgtaaacg gttggtggcg cagcatctga 900 
cgcacgtgtc gcagacgcag gagcagaaca aagagaatca gaatcccaat tctgatgcgc 960 
cgetgatcag atcaaaaact tcagccaggt acatggagct ggtcgggtgg ctcgtggaca 1020 
aggggattac ctcggagaag cagtggatcc aggaggacca ggcctcatac atctccttca 1080 
atgcggcctc caactcgcgg tcccaaatca aggctgcctt ggacaatgcg ggaaagatta 1140 
tgagcctgac taaaaccgcc cccgactacc tggtgggcca gcagcccgtg gaggacattt 1200 
ccagcaatcg gatttataaa attttggaac taaacgggta cgatccccaa tatgcggctt 1260 
ccgtctttct gggatgggcc acgaaaaagt tcggcaagag gaacaccatc tggctgtttg 1320 
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ggcctgcaac taccgggaag accaacatcg cggaggccat agcccacact gtgcccttct 1380 
scgggtgcgt aaactggacc aatgagaact ttcccttcaa cgactgtgtc gacaagatgg 1440 
tgatctggtg ggaggagggg aagatgaccg ccaaggtcgt ggagtcggcc aaagccattc 1500 
tcggaggaag caaggtgcgc gtggaccaga aatgcaagtc ctcggcccag atagacccga 1560 
ctcccgtgat cgtcacctcc aacaccaaca tgtgcgccgt gattgacggg aactcaacga 1620 
ccttcgaaca ccagcagccg ttgcaagacc ggatgttcaa atttgaactc acccgccgtc 1680 
tggatcatga ctttgggaag gtcaccaagc aggaagtcaa agactttttc cggtgggcaa 1740 
aggatcacgt ggttgaggtg gagcatgaat tctacgtcaa aaagggtgga gccaagaaaa 1800 
gacccgcccc cagtgacgca gatataagtg agcccaaacg ggtgcgcgag tcagttgcgc 1860 
agccatcgac gtcagacgcg gaagcttcga tcaactacgc agacaggtac caaaacaaat 1920 
gttctcgtca cgtgggcatg aatctgatgc tgtttccctg cagacaatgc gagagaatga 1980 
atcagaattc aaatatctgc ttcactcacg gacagaaaga ctgtttagag tgctttcccg 204 0 
tgtcagaatc tcaacccgtt tctgtcgtca aaaaggcgta tcagaaactg tgctacattc 2100 
atcatatcat gggaaaggtg ccagacgctt gcactgcctg cgatctggtc aatgtggatt 2160 
tggatgactg catctttgaa caataaatga tttaaatcag gtatggctgc cgatggttat 2220 
cttccagatt ggctcgagga cactctctct gaaggaataa gacagtggtg gaagctcaaa 22 80 
cctggcccac caccaccaaa gcccgcagag cggcataagg acgacagcag gggtcttgtg 2340 
cttcctgggt acaagtacct cggacccttc aacggactcg acaagggaga gccggtcaac 2400 
gaggcagacg ccgcggccct cgagcacgta caaagcctac gaccggcagc tcgacagcgg 2460 
agacaacccg tacctcaagt acaaccacgc cgacgcggag tttcaggagc gccttaaaga 2520 
agatacgtct tttgggggca acctcggacg agcagtcttc caggcgaaaa agagggttct 2580 
tgaacctctg ggcctggttg aggaacctgt taagacggct ccgggaaaaa agaggccggt 2640 
agagcactct cctgtggagc cagactcctc ctcgggaacc ggaaaggcgg gccagcagcc 2700 
tgcaagaaaa agattgaatt ttggtcagac tggagacgca gactcagtac ctgaccccca 2760 
gcctctcgga cagccaccag cagccccctc tggtctggga actaatacga tggctacagg 2820 
cagtggcgca ccaatggcag acaataacga gggcgccgac ggagtgggta attcctccgg 2880 
aaattggcat tgcgattcca catggatggg cgacagagtc atcaccacca gcacccgaac 2940 
ctgggccctg cccacctaca acaaccacct ctacaaacaa atttccagcc aatcaggagc 3000 
ctcgaacgac aatcactact ttggctacag caccccttgg gggtattttg acttcaacag 3060 
attccactgc cacttttcac cacgtgactg gcaaagactc atcaacaaca actggggatt 3120 
ccgacccaag agactcaact tcaagctctt taacattcaa gtcaaagagg tcacgcagaa 3180 
tgacggtacg acgacgattg ccaataacct taccagcacg gttcaggtgt ttactgactc 324 0 
ggagtaccag ctcccgtacg tcctcggctc ggcgcatcaa ggatgcctcc cgccgttccc 3300 
agcagacgtc ttcatggtgc cacagtatgg atacctcacc ctgaacaacg ggagtcaggc 3360 
agtaggacgc tcttcatttt actgcctgga gtactttcct tctcagatgc tgcgtaccgg 3420 
aaacaacttt accttcagct acacttttga ggacgttcct ttccacagca gctacgctca 3480 
cagccagagt ctggaccgtc tcatgaatcc tctcatcgac cagtacctgt attacttgag 3540 
cagaacaaac actccaagtg gaaccaccac gcagtcaagg cttcagtttt ctcaggccgg 3600 
agcgagtgac attcgggacc agtctaggaa ctggcttcct ggaccctgtt accgccagca 3660 
gcgagtatca aagacatctg cggataacaa caacagtgaa tactcgtgga ctggagctac 3720 
caagtaccac ctcaatggca gagactctct ggtgaatccg gccatggcaa gccacaagga 3780 
cgatgaagaa aagttttttc ctcagagcgg ggttctcatc tttgggaagc aaggctcaga 3840 
gaaaacaaat gtgaacattg aaaaggtcat gattacagac gaagaggaaa tcggaacaac 3900 
caatcccgtg gctacggagc agtatggttc tgtatctacc aacctccaga gaggcaacag 3 960 
acaagcagct accgcagatg tcaacacaca aggcgttctt ccaggcatgg tctggcagga 4020 
cagagatgtg taccttcagg ggcccatctg ggcaaagatt ccacacacgg acggacattt 4080 
tcacccctct cccctcatgg gtggattcgg acttaaacac cctcctccac agattctcat 4140 
caagaacacc ccggtacctg cgaatccttc gaccaccttc agtgcggcaa agtttgcttc 4200 
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cttcatcaca cagtactcca cgggacacgg 
aggaaaacag caaacgctgg aatcccgaaa 
ttaatcgtgg acttaccgtg gatactaatg 
ccagatacct gactcgtaat ctgtaattgc 
cagttgaact ttggtctctg cgtatttctt 
agtagcatgg cgggttaatc attaactaca 
cctctctgcg cgctcgctcg ctcactgagg 
gctttgcccg ggcggcctca gtgagcgagc 



tcagcgtgga gatcgagtgg gagctgcaga 4260 
ttcagtacac ttccaactac aacaagtctg 4320 
gcgtgtattc agagcctcgc cccattggca 4380 
ttgttaatca ataaaccgtt taattcgttt 4440 
tcttatctag tttccatggc tacgtagata 4500 
aggaacccct agtgatggag ttggccactc 4560 
ccgggcgacc aaaggtcgcc cgacgcccgg 4620 
gagcgcgcag agagggagtg gccaa 4675 



<210> 2 
<211> 145 

<212> DNA 

<213> adeno-associated virus 2 
<220> . 

<221> misc_structure 
<222> (1) . . (145) 
<223> ITR 

<220> 

<221> misc_f eature 

<222> (72) 

<223> Unpaired base 

<220> 

<221> raisc_feature 

<222> (94) 

<223> Unpaired base 

<400> 2 

aggaacccct agtgatggag ttggccactc cctctctgcg cgctcgctcg ctcactgagg 60 
ccgggcgacc aaaggtcgcc cgacgcccgg gctttgcccg ggcggcctca gtgagcgagc 120 
gagcgcgcag agagggagtg gccaa 



<210> 3 
<211> 47 
<212> DNA 

<213> adeno-associated virus 2 
<220> 

<221> misc_f eature 

<222> (13) 

<223> Unpaired base 

<220> 

<221> misc feature 
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<222> (35) 

<223> Unpaired base. 
<400> 3 

cggcccgctg gtttccagcg ggctgcgggc ccgaaacggg cccgccg 



<210> 4 
<211> 21 
<212> DNA 

<213> adeno-associated virus 2 
<220> 

<221> misc_feature 
<222> (10) , . (12) 
<223> Unpaired bases 

<400> 4 

cgggcgacct ttggtcggcc g 



<210> 5 
<211> 21 
<212> DNA 

<213> adeno- associated virus 2 
<220> 

<221> Tnisc_f eature 
<222> (10) . . (12) 
<223> Unpaired bases 

<400> 5 

cgcccgggca aagcccgggc g 

<210> 6 
<211> 5 
<212> DNA 

<213> Artificial Sequence 
<220> 

<22l> misc_f eature 
<222> (1) . . (5) 
<223> Cyclic DNA 

<220> 

<223> Description of Artificial Sequence : Cyclic unpaired 
DNA 
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<400> 6 
gcttt 
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Fig.3(d). 
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Fig.3(g) 
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Fig.4(a). 
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Fig.5(a). 
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